and prostate-specific antigen (PSA) testing (Venderbos & Roobol, 2011) . However, research suggests that there is an increased risk of erectile dysfunction among patients who undergo repeated prostate biopsies (Fujita, Landis, McNeil, & Pavlovich, 2009; Kirby & Fitzpatrick, 2012) . In addition, biopsies are associated with bleeding, infections, pain, and a low risk of urinary track symptoms (Loeb et al., 2013) .
Cryotherapy involves the destruction of cancer cells through rapid freezing and thawing and injection of very cold gases, while avoiding lethal freezing to the surrounding healthy tissues (Hargraves & Hadley, 2003; Shore, 2014) . This procedure is usually performed on an outpatient basis and typically only requires one treatment (Roberts et al., 2011) . The frequency of side effects associated with cryotherapy is lower than that in other treatments. Futher, less commonly reported side effects of cryotherapy are bleeding, urinary and bowel fistulas, lower urinary tract obstruction, hydronephrosis, and incontinence (Aus, Pileblad, & Hugosson, 2002; Moore et al., 2013; Pirtskhalaishvili, Hrebinko, & Nelson, 2001; Williams et al., 2012) . Compared with other treatment modalities such as surgery and radical prostatectomy, the long-term outcomes of cryotherapy are not known because cryotherapy is a relatively newer technique (Babaian et al., 2008; Shore, 2014) .
Previous research examining the clinical outcomes associated with conservative management has focused on shorter follow-up periods, which may not capture important events. The Agency for Healthcare Research and Quality (AHRQ) conducted a review on the comparative effectiveness of treatments used in localized prostate cancer (Wilt et al., 2008) and the authors concluded that there were uncertainties about the comparative effectiveness and harm of these treatments due to inadequate evidence on long-term outcomes (Wilt et al., 2008) . Insufficient evidence and uncertainties associated with conservative management and cryotherapy highlight the need for further evaluation of these two treatments. Thus, this study aimed to compare conservative management and cryotherapy based on treatment-related side effects in patients with localized prostate cancer. Further, this study hypothesized that men on conservative management may experience lower rates of treatment-related side effects and higher rates of survival compared to men on cryotherapy.
Methods

Study Design
This retrospective longitudinal cohort study used the linked data of Surveillance, Epidemiology, and End Results (SEER) and Medicare and included patients diagnosed from 2000 through year 2013, and their claims information available from 2000 through 2014. The linkage of the SEER and Medicare data is the combined effort of the National Cancer Institute, the SEER registries, and the Center for Medicare and Medicaid Services (Warren, Klabunde, Schrag, Bach, & Riley, 2002) . The SEER program captures clinical, demographic, and survival information for approximately 28% of the U.S. population and is 98% complete for case ascertainment (Warren et al., 2002) . The Medicare program covers approximately 97% of persons aged 65 years and older (Warren et al., 2002) . This study was approved by the University of Georgia's Institutional Review Board (IRB Study ID # 00003555).
Study Cohorts
Patients with localized prostate cancer were identified as those with stage I or stage II cancer diagnosis (Mathers et al., 2011; Mohan & Schellhammer, 2011) . Patients in the conservative management group were identified as those who did not receive any immediate treatment within the first 6 months of diagnosis of localized prostate cancer (Lu-Yao et al., 2008; Schymura et al., 2010) . Patients in the cryotherapy cohort were identified using either the International Classification of Diseases, Ninth Revision (ICD-9), Procedural Code (60.62), Healthcare Common Procedure Coding System (HCPCS) codes (G0160 or G0161), or Current Procedural Terminology (CPT) code (55873). Patients were excluded from the study if they were (a) first diagnosed at autopsy or by death certificate, (b) had other types of cancer, (c) enrolled in a health maintenance organization, (d) at other stages of cancer, or (e) below 66 years of age (restricting the cohort to patients aged 66 years allowed at least 12 months of Medicare claims data).
Outcomes
The following seven treatment-related side effects were identified using the relevant diagnostic and procedural codes (Table 1) in these patients: erectile dysfunction, lower urinary tract obstruction, bowel fistula, urinary fistula, urinary incontinence, bleeding, and hydronephrosis (Aus et al., 2002; Moore et al., 2013; Pirtskhalaishvili et al., 2001; Roberts et al., 2011; Williams et al., 2012) . Cancer-specific survival was measured as the time from prostate cancer diagnosis until death as a result of prostate cancer.
Covariates
Demographic information included patients' age (66-69 years, 70-74 years, 75-79 years, and 80 and above), race (Caucasians, African American, and others), marital status (married, unmarried/single, and unknown), year of diagnosis (2000-2004, 2005-2009, and 2010-2013) , geographic location (Northeast, South, Central, West), and urban residency (yes/no). Education (e.g., the proportion of population with less than a high school degree) was obtained from the census tract file of the SEER. The education variable was categorized into quartiles. The categories for the proportion of population with less than a high school degree were 0% to 7.13% (representing high educational level), 7.14% to 11.91% (medium), 11.92% to 20.46% (lower), 20.47% to 100% (lowest), and unknown (Srokowski et al., 2008) . The Charlson Comorbidity Index (CCI) was derived from the Medicare claims using a validated algorithm (Deyo, Cherkin, & Ciol, 1992; Klabunde, Potosky, Legler, & Warren, 2000) and was categorized as 0, 1, and 2 and above.
Cancer-related information including tumor stage and grade were also extracted. Tumor grades were determined by Gleason score and was classified as well differentiated (Gleason scores of 2-4), moderately differentiated (Gleason scores of 5-7), and poorly differentiated (Gleason score of 8 and above; Li, Djenaba, Soman, Rim, & Master, 2012; Wallis et al., 2016) . Tumor stage was classified as T1 and T2.
Statistical Analysis
Descriptive statistics were performed to characterize the conservative management and cryotherapy cohorts. To compare the differences in baseline characteristics and treatment-related side effects between the study cohorts, χ 2 tests were conducted. logistic regression was utilized to assess the association between each side effect and the treatment selection. The Kaplan-Meier survival method was used to test for the crude differences between the two cohorts using a log-rank test. A multivariate cox proportional hazard model was used to estimate the cancer-specific survival rates. All analyses were performed using SAS statistical software (version 9.4, SAS Institute, Cary, NC). Figure 1 shows the derivation of the final analytical cohort based on the inclusion and exclusion criteria. There were 7,998 patients in the conservative management cohort and 3,051 patients in the cryotherapy cohort. Table 2 describes the baseline characteristics of the study cohorts. Overall, the conservative management and cryotherapy cohorts were identified to be statistically different in terms of age, race, education, geographic location, marital status, urban residency, year of diagnosis, tumor grade, and stage (p < .05). Compared to the cryotherapy cohort, patients in the conservative management cohort were more likely to be aged 66 to 69 years, while patients in the cryotherapy cohorts were more likely to be aged between 70 and 74 years. A majority of patients in the conservative management and cryotherapy cohort were Caucasians, married, had a comorbidity score of 0, resided in urban areas, and were at T2 stage. Similarly, compared to the cryotherapy cohort, patients in the conservative management cohort were less likely to belong to the West, were more likely to have more than high school education, were less likely to be diagnosed 94, 64.95, 64.96, 64.97 54400, 54401, 54402, 54405, 54407, 54408, 54409, 54410, 54411, 54415, 54416, 54417 , C1007, C1813, C2622, C3500, C8514, C8516, C8534, L7900, 54231, 54235, J0270, J0275, J2440, J2760 Lower urinary tract obstruction 596.0, 598.x, 599.6, 788.2x 57.85, 57.91, 57.92, 58.0, 58.1, 58.3x, 58.44, 58.46, 58.47, 58.5, 58.6, 58.99, 60.95, 60.2x 52275, 52276, 52281,52510, 53010, 53400, 53405,53410, 53415, 53420, 53425, 53600, 53601, 53605, 53620, 53621, 52601, 52612, 52614, 52620, 52630, 53850, 53852, 2282 
Results
Treatment-Related Side Effects
The multivariate logistic regression, which identifies the crude rates of treatment-related side effects in both the cohorts, is presented in Table 3 . Overall, patients in the cryotherapy cohort experienced significantly higher rates of any side effects compared to patients in the conservative management cohort (29.29% vs. 42.61%, p < .0001).
Compared to the conservative management cohort, patients in the cryotherapy cohort experienced significantly higher rates of erectile dysfunction (12.02% vs. 20.65%, p < .0001), lower urinary tract obstruction (9.06% vs. 13.63%, p < .0001), urinary fistula (<0.14% vs. 0.39%, p < .05), and hydronephrosis (1.74% vs. 2.79%, p < .05). There were no statistically significant differences observed in the rates of urinary incontinence, bleeding, and bowel fistula between the two cohorts. After controlling for all the covariates, it was identified that patients in the conservative management cohort were nearly 50% less likely to experience any side effects compared to patients in the cryotherapy cohort (Table 4) 
Cancer-Specific Survival
Overall, cancer-specific survival rates in the conservative management and cryotherapy cohort were reported to be 95.79% and 93.59%, respectively, at the end of the study period. Figure 2 shows the cancer-specific survival curves across the treatment groups. Survival rates were found to be significantly different between the patients receiving conservative management and cryotherapy (log-rank p value < .05). Results from the multivariate cox model are presented in 
Discussion
This study addresses a significant gap in the literature by providing evidence about the side effects and long-term outcomes associated with two treatment choices for localized prostate cancer. The study findings suggest lower rates of side effects and higher rates of survival in patients who choose conservative management over cryotherapy. Further, the crude rates of erectile dysfunction, lower urinary tract obstruction, urinary fistula, and hydronephrosis were significantly lower in patients who chose conservative management as compared to those who chose cryotherapy. After controlling for all the covariates, patients in the conservative management cohort had significantly lower odds of erectile dysfunction, lower urinary tract obstruction, urinary fistula, hydronephrosis, and urinary incontinence. The lower rates of side effects associated with conservative management reported in this study are similar to previous research that compared conservative management approaches with other active treatments (Acar et al., 2014; Wilt et al., 2012) . Wilt et al. compared radical prostatectomy with conservative management and reported that radical prostatectomy was associated with a significant increase in urinary incontinence and erectile dysfunction (Acar et al., 2014; Wilt et al., 2012) . Acar et al. conducted a study that compared brachytherapy, robotassisted laparoscopic prostatectomy, and conservative management and identified that rates of erectile dysfunction were lower with conservative management (Acar et al., 2014) . Side effects associated with cryotherapy are also reported to be low, with lower urinary tract obstruction and erectile dysfunction being the most common side effects (Roberts et al., 2011) . In a cost-effectiveness analysis of cryotherapy and brachytherapy, rates of erectile dysfunction and urinary complications were reported to be higher with cryotherapy as compared to brachytherapy (Williams et al., 2012) . However, the rates of bowel complications were reported to be lower in the cryotherapy cohort (Williams et al., 2012) .
Although nonsignificant, the current study also showed that the rates of bowel fistula and bleeding were slightly higher in the conservative management cohort compared to the cryotherapy cohort. Conservative management involves periodic monitoring, which involves procedures such as biopsy (Brandes et al., 2016) . Evidence suggests that biopsies in prostate cancer are associated with various complications such as bleeding and fistulas (Loeb et al., 2013; Nomura et al., 2005) . The higher rates of bleeding and bowel fistula in the conservative management cohort in the current study may be associated with frequent biopsies. These treatment-related side effects could significantly impact patients' quality of life, and therefore it is important to take them into consideration when making treatment choices.
The 13-year survival rates associated with conservative management and cryotherapy were found to be 95.79% and 93.59%, respectively. Although the rates of survival are comparable to those in the literature, there is inconclusive evidence on the treatment option with higher survival rates. A prospective, single-arm study conducted by Klotz et al. on a conservative management cohort found the 10-year cancer-specific survival rate to be 97.2% with conservative management (Klotz et al., 2010) . Similarly, a prospective study conducted by Rodriguez et al. on a cryotherapy cohort in Spain found cancer-specific survival rates of 98.1% (Rodriguez et al., 2014) . However, this study lacked a comparison group. A recent review conducted on cryotherapy concluded comparable survival benefits of cryotherapy over other treatments such as radiation therapy (Gao et al., 2016) . However, due to the limitations in available evidence in literature, assessment of comparative benefits and harm of these treatments has been difficult. Overall, choosing conservative management provides slightly higher survival benefit over cryotherapy.
Additionally, factors such as increasing age, patients being African American, and having poorly differentiated tumors and higher comorbidities were identified to be associated with a significantly higher likelihood of dying. to the available evidence in the literature, the current study identified considerable factors that could influence survival (Jani & Hellman, 2003; Wilt et al., 2008) . Significant racial disparities exist in survival rates among patients with prostate cancer. African American patients are approximately twice as likely as Caucasian patients are to die from prostate cancer (Mordukhovich et al., 2011) . The literature also suggests that patients with welldifferentiated tumors have minimal risk of dying from prostate cancer, while men with poorly differentiated tumors have a high risk of dying from their disease within 10 years of diagnosis (Wilt et al., 2008) . When choosing treatments, these factors play an important role and therefore should be carefully considered. These outcomes are extremely relevant for the treatment decision-making process. Evidence on the longterm outcomes generated from this study could be helpful and convincing in preferring conservative management over cryotherapy in elderly patients with localized prostate cancers, thus avoiding the associated risks and their impact on survival. A study examining literature on patient preferences indicated that patients with prostate cancer are not well-informed (Aning, Wassersug, & Goldenberg, 2012) . In this era of shared decision-making, it is increasingly important for health-care providers to provide better quality of life with minimal posttreatment decision regrets to patients. Therefore, health-care providers should actively engage in translating the available evidence to practice not only through communication with their patients but also by practicing evidence-based decision-making.
This study has several limitations that warrant mentioning. First, the study cohorts were restricted to only Medicare beneficiaries who were aged 66 years and above. Therefore, study findings may not be generalizable to other patient populations such as Medicaid, Health Maintenance Organizations, other insurance plans, or to those younger than 66 years of age. There might be a possibility of selection bias due to nonrandomized nature of the study. Further, the conservative management cohort was defined as patients who did not undergo definitive therapy within the first 6 months of diagnosis for localized prostate cancer. Second, a distinction was not made between patients who deferred treatment as part of an active surveillance protocol and those who declined treatment due to significant comorbidities or advanced age. Furthermore, whether the patients who underwent cryotherapy were initially on surveillance protocols was not included in the study cohort definition of conservative management. These are potential sources of cohort contamination.
Third, an examination of the patient characteristics shows that the intervention group had a higher percentage of patients with poorly differentiated prostate cancer (39.26% vs. 51.92%). This may be a result of selection bias, with higher risk patients electing for treatment over observation. Fourth, increased risk of death was identified to be associated with increasingly risky disease parameters among all the study subjects; however, the current study did not compare survival rates of the highrisk patients from the two cohorts. Fifth, the study results may also be due to chance, as several other confounders were not included in the model that could reduce the likelihood of side effects, such as physical activity, healthy diet, normal weight, and diabetes medication. Finally, the current study did not account for other factors that may influence treatment choices such as physician or patient preferences or self-management strategies, which may have influenced the study results.
Despite these limitations, findings from this comparative effectiveness research can assist policy makers, health-care providers, and patients in making informed treatment decisions to optimize care. Conservative management seems to be a better treatment option over cryotherapy in terms of treatment-related side effects and survival. Better quality of care can be provided to patients suffering from prostate cancer with careful consideration of these outcomes. Further research is needed to compare other significant long-term outcomes such as costs associated with these treatment choices and quality of life.
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